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5.1 INTRODUCTION

The conglomerates in the Ransi Memlage poorly sortedvith classranging from
granule tocobblesizeandaregenerally classupported. Thelasts are mainly angular
to subvoundeal (except for the Pelungau outcreghere they are all rowed to well
rounded and composed of rhyolitiocks(Plate5.15, quartzite(Plate 5.), chert(Plate
5.6; 5.7 and some schigPlate 5.1% The RansMember onglomerate consistdnaost
exclusively of quartzand rock fragments. The quartz grains inelubw grade
metamorphiosein quartz and cherThe clasts are poorly sortaddrangefrom 1cmup

to 50cm in sizeThe matrix ofthe conglomeratess composed of medium to very coarse
sandwith very little clay presenfThe conglomerate overlies with angulinconformity

the Eocenenarine turbiditicBelaga FormatioijFig. 4.3; 4.4.

The Rans Member conglomerates are dpgtic conglomeratesvith clasts
generated byhe breakdown of older rocks of Belaga Formation through the processes
of weathering anderosion. Theclasts of these depositsange from sulangular to
roundeddependingon the durationof transport and reworkinggnd durability of the
clasts Less durableclastsof shale and soft sandstomesre commonly found in the
Pelungau conglomeratesd tend to be more rounded compdite the metasedimesuty

and quartziteclasts from the other expossrat Tutong Hill andthe Hormat Pasifik

Quarry.

The Rasi Member is situated in the lower part of the Tataunfation. The
absence of diagnostiossilsand maker bedsorrelation between the localities difficult.

Lithological beds as markers are limited in their use for correlation between localities
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because theequences are highly variable and also of limited lateral extent in the near

shore high enesgernvironment.

5.2 PETROGRAPHY OF THE RANSI MEMBER

Ransi Hill Conglomerate

The Ransi Hill conglomerateontairs quartzite, chert and minor sandstarasts Rare
thin shalebeds are preserttetweenthe conglomerate and sandstone beds. The
conglomeratebeds are matrisupported(Fig. 5.1). The subangular to sulsounded
clasts are very poorly sortemhd range from 5cm to over 2fh in size. Thesandy
matrix is about 30%.The conglomerate overlies with angular unconformity the
turbiditic Eocene Belaga Fomtion from which Bathysiphon spwas recovered(Fig.

4.14.

Gravelsize particlesnake upthe framework grains dhe conglomeratesThey
consists ometamorphiqquartzite and schist clastshd sedimentary clas{chert)with
only some igneous clastsuggesing a predominantlymetamorphic and sedimentary
source (Figh.1) The composition of theclasts of theRansi Hill conglomerateas
quartzite(50%), chert(27.8%), shale(5.6%), sandstone (5.6%jhyolitic (11%) and rare

schistfragmentqTable 5.).

The composition otlasts inconglomerate depositanbe a function of sorting

(Boggs, 1969)Some parentocks break dowmo yield a wide range clastof different
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sizes whereas others brealown to smaller clastsf the same sizéPettijohn, 1975)
Less durable fragments such as shale clasts tend to breamatter &zes andbecome
more rounded during transport whereasnore durable frgmens such as chert,
metaquétzite andresistanigneous fragments will tend to form relatively bigger gsain

andare less rounde@Boggs, 1992)

The matrix ofthe conglomerates is composed mainly of coarse sand particles
that fill the interstitial spacebetween thegranule to cobblsize clastqFig. 5.3) It
consists ofa range ofandsize quartandfine rock fragments. The matrix is generally

cemented with quartz and hematite (iron oxide)

The clastsin this conglomerateare made up of76.4% stableclasts such as
quartzie, chert and vein quartZheyare polymict conglomeragevith clasts of mixed
lithology (Fig. 5.1). Most of the clastsn the conglomerates is quartzite of metamorphic
origin. The quartz grains exhibit foliation pattern and undulatory extinctiomhen

observed under thin secti¢Bee Plate 5)1

The conglomerate beds Ransi Hill consist ofcoarse clasts up to cobble size
and deposits with more sand matrix but less than framework clasts. Pebble to cobble
size patrticles are poorly to moderately rounded indicating conigalyashort distances
of transport (Seiders & Blome, 1988; Boggs 199Zhe massive metaquartzite clasts

are more angulaiThe conglomerate beds are norynagraded.
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Clast Type | Size (cm) Roundness
Quartzite 20 sub-rounded
20 sub-rounded
15 sub-angular
10 sub-angular
sub-angular
sub-angular
sub-angular
sub-rounded
sub-angular
sub-angular
sub-angular
sub-angular
sub-angular
rounded
sub-angular
sub-angular
rounded

=
o

Chert

Igneous

W WINDN N W W ~jOo1 01 OO

Shale

Table 5.1 Clasts size, composition and its roundne
of the Ransi Hill conglomerate.

o1

Metamorphic

@ ronsiHil
¢  TutongHill
<> Pelungau Hill

M- clast

%

Polymict

| - clast S - clast

Igneous sedimentary

Fig. 5.1 Conglomeate clasts provenance plottedBoggs (1992)
classification chart.
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Fig. 5.2 Thick graded Rans
Member conglomerate beds
sitting on top of tightly folded
Bawang Member turbidite at
locality L7, Ransi Hill.

Fig. 5.3 Cobble sized clasts in
Ransi Hill conglomerate bed
(scale is in 5cm).

Plate 5.1Thin section of locality L4
showingmetanorphicquartz (Q) with
undulatory extinctiorfcracking in
guartz grains are an artifact of thin
sectioning).
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Tutong Hill

Conglomerate

The Tutong Hill conglomerateconsists of chert, quartzite, sandstone fragmeant
minor granitic fragments. Thin shale and pebbly sandstone beds grduk@iiyje more
abundantin the uppemart of the sequenc&he conglomeratés clastsupported(Fig.
5.4). The clasts are very pdgrsorted and thergins are subanguldo rounded with
class thatrange from 2cm to over 15cm. Soft ckef sandstone and shadee more
rounded comparkto quartziteand chert(Fig. 5.5) The percentagef the matrix is
about 35% and matrix is gendyamade up of medium to fine sar{#tig. 5.6) The
conglomerate overlies with angular unconformity th&biditic Eocene Belaga

Formation.

The compositiorof the clasts othe Tutong Hill conglomerate beds mainly of
quartzite, metasediment, chert aigthieous fragmentsThe chert and quartzitelasts
tend to be sufangular to suvounded, whereas the shale and sandstones ela&shore
rounded(Table 5.2) Thisis dueto ther different durabilities with thenore resistant
claststendng to be more andar and bigger compared the less durablehale clast

(Boggs, 1992)

The matrix of the Tutong Hi conglomerate ignainly of medium to fine sized
sand. The matrix is cemented by quartz aadondaryiron oxide The conglomerate
beds consist of sdulbunded clast rangingfrom 1cm to 8cm across.h€& beds are

normally gradedFig. 5.4. The geometry of sulbundedclass suggestghat theyhad
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been transporteduite far from the source areand depositedvithin a high energy
fluvial environment(Seiders &Blome, 1988) Sedimentary structes and paleocurrents

suggesthat conglomerates are fluvial channel deposits.

It is a polymict conglomerate ofixed originwith about 70% quartzite and chert
clasts and 30% of clay clasts and maitrikhe abundance opadycrystalline quartz

suggests a lowgrade metamorphierigin (Table 5.4 & Fig. 5.1

Clast Type | Size (cm) Roundness
Quartzite 9 sub-angular
sub-angular
sub-angular
sub-angular
rounded
sub-rounded
sub-angular
sub-angular
sub-angular
sub-rounded
sub-angular
sub-rounded
sub-rounded
sub-angular
sub-angular
sub-rounded
rounded

Chert

Igneous

Shale

W WIW WINDN DD DN W wid DN W BB bdoOo

Table 5.2 Clasts size, composition and its roundness of the Tutong Hill
Conglomerate
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Fig. 5.4 Grade@onglomerate
bed with pebblesizedclasts and
organic matter (OM) at locality
L2, Tutong Hill.

Fig. 5.5 Sukangularto sub
rounded clastin cut
conglomerate hand specimen
from locality L1, Tutong Hill
Matrix is cemented with
hematite minerals.

Fig. 5.6 Qast supported thick
conglomerate beds locality
L2, Tutong Hill
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Sandgone Petrology

The TutongHill section overlies an angular unconfornmatiyovethe Eoene low grade
metamorphosed slya Belaga Formation. The beds generally dip 30° to 40°
northwestwardThe pebbly sandstone beds are normal grdicéng upward in general

(Fig. 5.7; 5.8

The petrographic characteristic of the sandstisom facies F2 of the Ransi
Memberthroughout the section of the Tutong Hill is similar. All are quaith pebbly
sandstone dominated lopartz,i.e 29%- 50%, some rock fragments (992%0) and
very little highly weathered feldspar mineral (less than {Vable 5.3) Some of the
feldspars are hard to identify becauseytare highly altered to clayhe feldspar grains
showed very weak twinning and low relief with abundant dirty inclusionghem

(probably clay mineral as alteration prodct

The Tutong section sandstones are sublitharenites to litharenites according to the
QFL (QuartzFeldspailithic fragment)plots with the abundance of quartz and rock

fragments andery little or nofeldspargFig. 5.9.

Most of the sandstone specimens are very poorly sorted with a wide range of the
grain size distributios) the grains are subangular and only some relsitigeft
sedimentaryclasts are subroundd@ee table 5.4 & Fig. 5,8.11). The sizes of the
sands grains range from fine to very coarse, although most are medium to very coarse.
The percentage of the matrix is variable, ranging from 1% up to 8% hvagh values
between 3% and 5%&ome detrital grains were deformedatpseudomaitx (Plate 5.2.

Cement ranges from 0.4% to 2.5%, but are ncoramonly 1% to 2%HKig. 5.1Q. The
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most abundant cement in the sandstone consistgica Plate 5.3. Some secondary

overgrowths of quartz are present.

The grain size plots of the samplesllected from Tutong Hill show the
distribution of sizes throughout tlvéhole loggedsection. Sample TL{Fig. 5.1) falls
in the range ofmediumto very coarse sand, i.e. 0.45mm to 1.00mm and above. The
positive skewness of the grain size distributioggasts a coarse grain bed. The sorting
of thebed is very poorTable 5.5). Sampl@L2 from overlying bed shows a bimodal
distribution of grain sizes of mostly medium to very coarse sand (0.25mm to more than
1mm) Fig. 5.1). Sample TL3shows a relativgl more even distribution with most
grains in the range of coarse to very coarse sand (0.65mm to more than 1mm). The fine
to medium grains made up of 5.5% of the sands{bite 5.1)). The sorting of the TL3
sandstone is extremely poor with the standard tieni@f grain size of as high 46.32
(Table 5.5). Sample TL4howsthat most of the grain size is from coarse grain to very
coarse grain (0.85mm to more than 1.00mm). The sorting of the sediment is extreme
pooilly sorted witha gandard deviation of 17.3{Table 5.5). Sample TLShows
bimodal grain size distribution between coarse sand (0.45mm to 0.85mm) sand and very
coarse sandmore than 1.00mm) coarse sanlig. 5.1). Sample TL6shows a
relatively more normal distribution, with grain sizes increagiragually from medium
to more than very coarse safidg. 5.1). The sediment is very poorly sorted according
to the sandard deviation of grain siz&€he grain size distribution of TL8hows that the
sandstone is normally distributed where most of thengsize is from medium sand to
coarse sand (0.25mm to 0.85mfhRjg. 5.1). TheTL7 bed is very poorly sorted with a
standard deviation of 12.3Z4ble 5.5). TL8s avery coarse sandstone with most of the

grains of normally very coarse sand (more than 1).6fkig. 5.19. The bed is extremely

174



€ € Qfter 5: Petrology

poorly sorted witha standard deviation of 26.85. Sample Bh@ws a wide distribution

of the grain size from medium to very coarse sand (0.45mm to more than 1mm) with a
positive skewed coarser distributi¢Rig. 5.13. The bed is very poorly sorted with
standard deviation of 11.03. The sample Tisb@ws random distribution with a grain
size is range frommediumto very coarse san(D.45mm to 1mm)Fig. 5.1). The

standard deviation suggests extremely poor sorting @)1 6flthe sandstond éble 5.5.

The framework quartz grains have mainlydulatorystrained extinction under
crossnicol and are mostly polycrystalline quartz (24% to%®0 (Table 5.3.
Monocrystallinequartz onlymakesup 7% to 16% of the sandstonergdes Plate 5.4.

The quartz grains are subangular to subrounded in shape with various grathaizes
suggests poor sortin@uartz overgrowths are commg®late 5.3. Mica inclusions are

found within sane quartz grains indicatinderivation from aimilar sourceo the rocks

at Tatau Hill and Hormat Pasifik QuarrPlate 5.%. Metamorphicquartzwith sutured
boundariesare common Concaveconvex contacts of the quartz grains as a result of
pressure solution were also observed betveeemegrains (E¥Ghdi et al., 2009). Some
pseudomatrix created as clay was squeeze in between some grains by secondary quartz

growth during cenentation(See Plate 5)2AEL-Ghali et al., 2009).

The presence ofadiolarianchert is variable in the sandstones. The original
opdine silica in the radiolariddad beeneplaced by latemicrocrystalline quartzRlate
5.6) (Adams et al., 1984; Scholle, 1979). Radial fibrous chacedonic quartz occurs as

pore fillingsof radiolaria in the cherB(ate 5.7.
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Rock fragments are signifioa constituents of the sandstones. A few types of
rock fragments were identified from the sipeens. The most common type is
metamorphic rock fragments. The schistose fragments are of micro quartz with
preferential alignment of elongated graifdate 5.4. The spherulitic texture of the
igneousrhyolitic fragments similar to the Piring Hill dykeock is found in some
igneous fragment¢Plate 5.8. Clayrich clasts of weathered argillaceous rocks are
present in the form o&ggregates of sericite and plogilicatesthat filled the pore

spacs (Plate 5.3.

Highly altered weatheredeldspar grains by saussuritization, calcitization,
kaolinization and sericitizaan were produced byveathering in humid environments.

Most grains are completely altered makidgntification of the original grains difficult.

Other minerals such as pyrite are commonly prieisesome of in the sandstones.

Iron coated sedimentary quartz grains are probably due to iron stainingg

weathering Plate 5.9. There is no heavy m@mals detected in the sandstone.
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Fig. 5.7 Gradeddx of pebbly sandstone
from facies F1Ransi Member, locality
L1, Tutong Hill

Fig. 5.8Hand specimen of Ransi
Membergradedpebbly sandstone from
facies F2, locality L2, Tutong Hill
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Mineral TL1 TL2 TL3 TL4 TL5 TL6
% % % % % %
quartz total (quartz & chert) 318 80.3 269 74.3 324 79.6 379 88.6 254 74.1 318 72.4
Rock fragment 78 19.7 93 25.7 76 18.7 43 10.0 83 24.2 121 27.6
Feldspars 0 0.0 0 0.0 7 1.7 6 1.4 6 1.7 0 0.0
TOTAL 396 100.0 | 362 100.0 407 100.0 428 100.0 | 343 100.0 439 100.0
Mineral TL7 TL8 TL9 TL10
% % % %
guartz total (quartz & chert) 226 66.3 369 81.5 324 71.1 395 80.8
Rock fragment 110 32.3 84 18.5 128 28.1 94 19.2
Feldspars 5 1.5 0 0.0 4 0.9 0 0.0
0.0
TOTAL 341 100.0 | 453 100.0 456 100.0 489 100.0
Table 5.3 Mineral compositions of pebbly sandstone and sandstone samples from Tutong Hill.ou
3.8 9.4 14.3 11.1 4 6.7 11.5 4.2 3.6 7.1
34.6 40.6 21.4 25.9 20 33.3 23.1 29.2 28.6 28.6
46.2 34.4 50 55.6 64 46.7 53.8 58.3 60.7 53.6

Table 5.4Quartz provenance analyfiased on Framework quartz grains types in thin sections of samples
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Quartz, Quartzite & chert

5% Quartzarenite

Subarkose Sublitharenite

Lithic Subarkose

Litharenite
Arkose

Lithic Arkose Feldsphathic
Litharenite

Rock
Fragments

Feldspars

90% 50% 10%

Fig. 5.9 Tutong Hill sandst@s plotted inMBr i de 6 s (
classification chart.

Polycrystalline quartz

(2 — 3 crystal units per grain with more
than 75% of total polycrystalline quartz)

Non-undulato
quartz undulatory

quartz

(more than 3 crystal units per grain with

more than 75% of total polycrystalline
quartz)

Polycrystalline quartz

Fig. 5.10 Quartz grains provenance plotted on classificatiart(Basu
et al.1975. 179
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Grain Size (mm)| TL1 T2 TL3 TL4 TL5 TL6
% % % % % %
> 1.00 44 16.06 61 32.11 164 43.16 214 30.14 145 42.27 185 41.76
1.00-0.85 66 24.09 14 7.37 34 8.95 315 44.37 20 5.83 70 15.80
0.84-0.65 56 20.44 25 13.16 118 31.05 104 14.65 64 18.66 100 22.57
0.64-0.45 72 26.28 58 30.53 43 11.32 62 8.73 74 21.57 65 14.67
0.44-0.25 25 9.12 29 15.26 21 5.53 9 1.27 36 10.50 23 5.19
<0.25 0 4.01 3 1.58 - 6 0.85 4 1.17 -
TOTAL
varians 75.80 151.76 266.38 300.66 215.91 186.36
std. dev (Sorting)| (V. poor) 8.71| (V. poor) 12.32| (Ex. Poor)] 16.32| (Ex. Poor) 17.34| (V. Poor) 14.69| (V. Poaor) 13.65
Grain Size (mm)| TL7 TL8 TL9 TL10
% % % %
> 1.00 - 304 66.52 160 34.12 -
1.00-0.85 31 7.83 24 5.25 101 21.54 138 27.06
0.84-0.65 129 32.58 91 19.91 101 21.54 157 30.78
0.64-0.45 134 33.84 19 4.16 92 19.62 186 36.47
0.44-0.25 82 20.71 19 4.16 15 3.20 26 5.10
<0.25 20 5.05 - - 3 0.59
TOTAL
varians 147.48 720.92 121.60 259.07
std. dev (Sorting)| (V. poor)| 13.43| (Ex. Poor) 26.85| (V. Poor) | 11.03| (Ex.Poor)| 16.10

Table 5.5Grain size distribution gbebbly sandstone and sandstone sanfples Tutong Hill.
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Plate 5.2Thin section of TL 5
at locality L2, Tutong Hill

showing oncavaeconvex(CC)
contact of the quartz grains.

Plate 5.3Thin section of TL 3,
from locality L2, Tutong Hill
showing gcondary quartz
growth (Qo).

Plate 5.4Thin section of TL 8
at locality L2, Tutong Hill
showing netamorphieorigin
polycrystalline quartz grain
(PC) and monocrystalline
qguartz grain (MC).
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Plate 5.5Thin section of TL 2
at locality L2, Tutong Hill
showing nica inclusion within
guartz grams (in yellow circle)
used forcharacterizing quartz
grainsource provenance.

Plate 5.6Thin section of TL 6
at locality L2, Tutong Hill
showing adiolarian chert with
microcrystalline quartflling
radiolarian(in white circle) .

Plate 5.7 Thin section of TI 5 at
locality L2, Tutong Hill
showing edialfibrous
chacedonic quartz occurirg
fracturefillings of radiolarian
chert.
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Plate 5.8Thin section of TL 7 at locality L2, Tutong
Hill showing rhyolitic gneous fragment with
spherulitic texture similar to the Piring Hilthyolite.

Plate 5.9Pyrite (yellow) and iron (browngrainsfound
in the sandstone

QGipter 5: Petrology
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Tatau Hill

The petrographic charactgtic of the sandstones throughout the section gradually
changedrom relatively coarse tmedium grain upsection. Clay clasts are dominant at
the upper section, whereas the lower section is rich in peapigistone. In the lower
section, the andstone & quartzrich with significant rock fragmentsF{g. 5.15.
Feldspar is rarthroughoutand all are highly altered. On the other hand, rock fragments
and clay clasts dominate the upper section of Tatau Hill. Only the Iparérof the

outcropwas sampled abie uppepartwas highly weatherckto loosesoil.

The QFL plot (Table 5.6 & Fig.5.13 of the Tatau Hill section shows that
sandstones are sublitharenites with abundance of q(&4f6 to 93%)and a fair
amount of rock fragment&6% to 16%)with very little feldspar. Feldspar content is
extremely low (0.2%) and negligible probably due to the high energy depositional

environment and tropical climate that lead to the rapid altgrddldspars into clay

The sandstone samples are extremely to very y&wited. The grains are
subangular to subrounded with grain sizes ranging from medium to very coarse. Most of
the samples consist of two groups of grain size distributions of either medium or very
coarsegrain (Table 5.8. The percatage of the matrix i2% to 3%.Some detrital grains
are formed as pseudomatrixuggzed and trap between grains (Fig. b.C&ment make
up 1% to 2% of the sandstone and the mostraon cement is silica (quartajth some
iron oxide pore fillings Fig. 5.11). Secondary overgwth of quartz minerals is

common in the sampléPlate 5.1
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The distribution of grain size®f the samples collected from Tatau Hate
shown in Table 5.8 SampleTT1 from the lowest part of the logged section, shows a
bimodal distribution high in cose sand and very coarse sand, i.e. -0.66mm and
more thanlmm Fig. 5.14) with rare fine sandThe bed is extreme poorly sorted with
standard deviation as high as 29/. Sample TT2 has a grain size distribution
suggesting that generally the grain sge&oarse grain to very coarse gain (0.46mm to
more than 1mm), with a positively skewgldt suggestinghat the coarse sandstone bed
is extreme poorly sorted with a standard deviation of 18.30. Sample TT3 shows a
bimodal distribution with grains high ithhe ranges of medium sand (0-235mm) and
very coarse sand (more than 1mnihere is a absence ofrainsfrom 0.660.85mm
This bed is very poty sorted with a standard deviatioh14.49 compard to theolder

beds TT1 and TT2 below.

The framework gartz grains have mainlyndulatorystrained extinction and are
mostly polyeystalline quartz (18% to 28%lMonocrystalline miaes up only 7% to 9%
of the sandstone Table 5.7 & Fig.5.12. The quartzgrains are subangular to
subrounded andery poorly sord (Plate 5.1} Quartzovergrowth is common and
some of the quartzontains mica inclusion®(ate 5.1 Concaveconvex contacts of

the quartz grainarealso common in the sampldlgte 5.11

Radiolarian chert grains up to 40% are commonly foundhm sandstone
samples. The original opaline silicd the radiolariahad being replacedith micro
guartz grains withhoundedoutlines(EI-Ghali et al., 2009). Most of the chert grains are

subangular to subroundefdlgte 5.13
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Rock fragments are frequiynfound in the sandstones (6943%). Only a few
types of rock fragments were identified. Metamorphic rock fragments with fine quartz
aligned within a schistogexture is found in the sampldsléte 5.14. Rhyoliteigneous
fragment similar to that froniring Hill were found in the sandstorsamples Rlate

5.15. Clay clasts & also common in the sandstone
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Table5.6 Mineral composition of samples frohatau Hill.

Quartz type (%)
Polycrystalline,<3

polycrystalline, >3

undulatory quartz
monocrystalline

Table 5.7Composition of famework quartz grains of the samples

from Tatau Hil.

Polycrystalline quartz

(2 = 3 crystal units per grain with more
than 75% of total polycrystalline quartz)

Non-undulator

quartz undulatory

quartz

(more than 3 crystal units per grain with
more than 75% of total polycrystalline
quartz)

Polycrystalline quartz

Fig. 5.12 Quartz iin provenance plotted Basu et al.
(1975) classification chart.
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Subarkose

Quartz, Quartzite & chert

5%

Quartzarenite

Sublitharenite

Lithic Subarkose

25%

Arkose

Feldspars

Feldsphath
Litharenite

Lithic Arkose

Litharenite

ic

Rock

90%

50%

Fragments
10%

Fig. 5.13Tatau Hill sandstones plottedonMc Br i deds (19
classification chart.
Grain Size (mm), TT1 TT2 TT3
% % %
>1.00 477 75.24 336 51.45 122 30.12
0.851.00 41 6.47 68 10.41 49 12.10
0.66-0.84 10 1.58 117 17.92 0.00
0.46-0.65 84 13.25 103 15.77 148 36.54
0.26-0.45 21 3.31 25 3.83 86 21.23
<0.25 1 0.16 4 0.61 - -
Varians 844.94 334.85 210.03
Std. Dev. (Ex. (Ex.
(Sorting) Poor) 29.07 Poor) 18.30 | (V. Poor)| 14.49

Table 5.8 Grain size distribution of the pebbly sandstone and sandstoness:

from Tatau Hill.
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Grain size
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sand
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sand
sand
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sand

Medium |

SCALE (m)

UTHOLOGY

>1.00 1.00-0.850.84- 0.650.64- 0.450.44- 0.5 <0.25
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Grain Size Distribution (TT1)
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Fig. 5.14 Histogranof grainsize distribution andomposition of Tatau
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Hill (locality L5) sandstone from thin sections.
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Fig. 5.15Hand specimen of
guartz rich pebbly sandstone
from TT2at the lower section
of Tatau Hill, locality L4

Plate 5.10Thin section of TT3
showing aiartz overgrowth and
psaidomatrix (in cycle) within
thequartz grairat locality L4,
Tatau Hill

Plate 5.11Thin section of TT1
showing oncaveconvex
contact of the quartz graims
locality L4, Tatau Hill
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Plate 5.12Thin section of TT1
showing nica inclusion with
guartz grairsimilar to thatn
Plate 5.6 from Tutong Hill.

Plate 5.13Thin section of TT2
showing adiolarian chert
fragment with microcrystalline
guartzat locality L4, Tatau Hill
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Plate 5.14Thin section of TT3 showing angular schist
fragment at locality L4, Tatau Hill.

Plate 5.15Spherulitic texture of thehyolitic fragment
that similar to rhyolitéPiring Hill. Thin section of TT1
from locality L4, Tatau Hill.
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Hormat Pasifik Quarry

The sandstone in the sectisngradually changed from fine toedium grain sandstone

to very coars&oarse grain sandstone as thection becomes younger. Thawker
section is rich in grayish clay with a thin coal b&ty( 4.5 while theupper section is
composed of quartdch pebbly sandstones. The composition of the sandstone is quartz
(29% to 77%), rock fragments (10% to 33%) and less than 1% feldSpie 5.9)

The QFL plot Fig. 5.16 of the Hormat Pasifik Quarry samples shows that they are

sublitharenites to litharenites.

Most of the sandstone samples are very poorly sorted and the grains are
subangular to subrounded. The grains size rafigas fine to very coarswith fine to
medium and very coardeeing more common. Coarse grains are uncommon in the
sandstone samples. The percentage of the matrix is between 2% and 6%, but more
commonly 3%. Cement makes up 1% to 4% of the sandstone samples, ndsare
common from 2% to 3%T@ble 5.1). The most common cemels silica which often

formsovergrowthsaround the quartz grainBlate 5.1%

The grain size distributionsf the samples from the Hormat Pasifik Quarry
exposures show a wide rangeable 511 & Fig. 5.18. SampleHL1 from the lowest
part of the logged section, is negatively skewed with most of the grains in the range of
fine to coarse sand .ei less than 0.25mm to 0.85mithe standard deviation of the
grain size distribution su@gts verypoor sorting (13.25). Sample HLghows fair
distribution with the lowest grain size distribution of coarse sand f@odmm to

0.85mm Fig. 5.18).The bedis very poorly sorted with standard deviation of 14.50
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which is hidner than in HL1. Sample HL8howsa bimodal grain size distribution of
coarse sand and very coarse sand (0.48h&%Bmm and more than 1.00Mmnthegrain

size distribution suggests a very poorly sorted bed with a standaatioe\wof 14.50.
Sample HL4has an average distribution from caasand to very coarse sand (0.22mm
to more than DOmm) Eig. 5.18)andis positively skewed. It is very poorly sorted as
the standard deation is 15.33. Sample HLE finer than HL1 to HL4from fine to
coarse sand, ..®.25mm to 0.65mmkHKjg. 5.18. It is negatively skewed and is mainly
of medium sand. The sandstone is extremely poorly sorted with a standard dewiation a
high as 19.96. Sample HL$hows bimodal grain size distribution with most of the
grains being coarse to very coarse sand (0.885mmand more thari.00mm) Fig.
5.18. It suggestshat the sediment was foad by a mixture of coarse and very coarse
sand. The sandstone is poorly sorted with a standardtaevof11.22. Sample HL#
slightly negatively skewed with most of the grainstle range of medium to coarse
sand (0.22 to 0.65mm)~i(g. 5.18). The bed isvery pooly sorted with a standard
deviationof 10.00 which idess than the older bedSample HL8&hows a bimodal grain
size distribution of medium to very coarse sand (@2Zmm and more than 1.00mm).
There is insignificant coarse sand of graire 0.650.85mm in the sampld-{g. 5.18.

The distribution of grain sizes suggests a mixture of two dominant sand fractions of
very coarse and medium sand. It is extremely poorly daevtth a standard deviation of
2540. The youngest sample Hl#so shows bimodal distribution of coarse and very
coarse sand (0.48.65mm and more than 1mnHig. 5.18. Thevery coarse grains are
mainly more resistant quartz; whereas less resistantsgnagh as chedre finer as just
coarse grainThe graph is slightly negatively skewed with mainly medium to coarse

sand. The sandstone is poorly sorted with a standard deviation of(teh&95.11)
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The framework quartz grains are mostly polycrystallguartz (14% to 39%)
with strained (undulatory)extinction @late 5.16. Monocrystalline quartz is less
common and makes up only 3% to 29% in the samplasl¢ 5.1). The quartz grains
are generally subangular to subrounded and poorly sdifdate 5.17). Quartz
overgrowth is commonly found and some of the quartz contains mica inclusions which
is useful for provenance studiddlgte5.18. Radiolarian chert is commanakingup to
23% presence in the sandstofa(e5.19. The chert grains are generaflybrounded

with spherical radiolarian skeletons replaced by micro qumattzem

Rock fragments are found in all the sandstones. They include metamorphic rock
fragments with micro quartz showing alignment in a schistegture Plate 5.19
(Adams et al. 1985). Igneous fragments similar to the Piring Hiljolite are also
present in the sandstonPldte 5.20. Somephyllosilicate fragmens appear as clay
pellets in the samples. Feldspar is r@ate5.21) and almost complety altered in the

samples raking themdifficult to identify.
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Mineral HL1 HL2 HL3 HL4 HL5
% % % % %
quartz total (quatz & chert) 88 84.6 241 67.3 397 83.2 402 78.5 427 88.0
Rock fragment 16 15.4 113 31.6 74 15.5 110 215 53 10.9
fedspars 0 0.0 4 1.1 6 1.3 0 0.0 5 1.0
TOTAL 104 100.0 | 358 100.0 477 100.0 | 512 100.0 | 485 100.0
Mineral HL6 HL7 HL8 HL9
% % % %
quartz total (quatz & chert) 430 78.2 419 80.9 215 57.2 406 85.7
Rock fragment 120 21.8 92 17.8 161 42.8 68 14.3
fedspars 0 0.0 7 1.4 0 0.0 0 0.0
TOTAL 550 100.0 | 518 100.0 376 100.0 | 474 100.0

Table 5.9 Mineral amposition of the pebbly sandstone and sandstone samples from the Hormat Pasifik Qu
HL1 to HL9 are from bottono top of thin section.

3.8 9.5 7.7 4.3 4.8 3.4 7.1 3.8 6.5
23.1 9.5 30.8 13 9.5 24.1 21.4 30.8 32.3
61.5 52.4 53.8 69.6 61.9 65.5 57.1 57.7 58.1

Table 5.10 Framwork quartz grains dhe samples from thisection pint-counts.
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Quartz, Quartzite & chert

55 Quartzarenite

Sublitharenite

Lithic Subarkose

Litharenite
Arkose

Lithic Arkose Feldsphathic
Litharenite

Rock

Feldspars Fragments

90% 50% 10%

Fig. 5.16Hormat Pasifik Quarrgandstonsamplegplotted
in Mc . Bridebds (cHa®53) cl ac

Polycrystalline quartz

(2 =3 crystal units per grain with more
than 75% of total polycrystalline quartz)

Non-undulatory

quartz undulatory

quartz

(more than 3 crystal units per grain with
more than 75% of total polycrystalline
quartz)

Polycrystalline quartz

Fig. 5.17Quartz grain provenande Basu et al. (1975)
classification charbf specimens from Hormat Pasifik Quarry
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Grain Size (mm)| HL1 HL2 HL3 HLA4 HL5
% % % % %
>1.00 - 87 24.10 166 35.85 141 31.19 -
1.00-0.85 - 60 16.62 32 6.91 62 13.72 -
0.84-0.65 16 14.95 16 4.43 40 8.64 66 14.60 26 5.15
0.64-0.45 26 24.30 Sl 10.25 167 36.07 91 20.13 216 42.77
0.44-0.25 18 16.82 87 24.10 53 11.45 88 19.47 210 41.58
<0.25 47 43.93 74 20.50 5 1.08 4 0.88 53 10.50
TOTAL
Varians 175.49 63.21 234.87 98.59 398.45
Std Dev. (Sorting| (V. Poor) 13.25| (v. Poor) 14.50| (V. Poor) 15.33| (V. Poor) 9.93| (Ex. Poor) 19.96
Grain Size (mm)| HL6 HL7 HL8 HLS
% % % %
>1.00 126 23.03 - 134 40.12 90 20.09
1.00-0.85 34 6.22 80 15.47 23 6.89 15 3.35
0.84-0.65 187 34.19 92 17.79 - 89 19.87
0.64-0.45 114 20.84 158 30.56 47 14.07 145 32.37
0.44-0.25 43 7.86 152 29.40 90 26.95 109 24.33
<0.25 43 7.86 35 6.77 40 11.98 -
TOTAL
Varians 125.84 100.07 181.14 112.24
Std Dev. (Sorting (V. Poor)| 11.22 | (V. Poor)| 10.00 | (Ex. Poor) 25.40 | (V.Poor)| 10.59

Table 5.11 Grain size distribution of the pebbly sandstonsamdistone samplé&®m Hormat Pasifik Quarry.

Petrology
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Fig. 5.18Histogram of grairsize distribution and rock compositions of

Hormat Pasifik Quarry (locality L3 & L8) sandstone from thin sections
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Plate 5.16Thin section of sample
HL2 showing monocryalline
(MC), polycrystalline (PC)
quartz graingand overgrowth of
silica cemenaround quartz
grairs (red circle).

Plate 5.17Thin section of sample
HL5 showing sib-angular to
subrounded quartz grains with
concaveconvex contact and
pseudomatrix in theample.

Plate 5.18Thin section of sample
HL7 showing mica inclusion (in
circle) within quartz grains for
source provenance.
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Plate 519 Thin section of sample
HL5 showing adiolarian chert with
microcrystalline quartz and
polycrystaline quartz.

Plate 5.20Thin section of sample
HL2 showing gherulitic texture of
rhyolitic igneous rock fragment
(Circle) that similar to thehyolite
rock in Piring Hill, Tatau.

Plate 5.2 Thin section of sample
HL8 showingangularfeldspar
(F) with strainedalbite twinning.
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5.3 PETROGRAPHY OF THE PELUNGAU HILL

The clasts in the conglomerate beds at the Pelungau Hill outcrop are composed of shale,
sandstone and some metasediment fragmértite. onglomerate bexl are grain
supportedat the basandturnsgradually to matrixsupported towardgs upper section

(Fig. 5.19. Thesubrounded to well roundetdasts are very poorly sorted and from 5cm

to over35cm in sizgFig. 5.20. The dominansoft sandstone and shale classdto be

very well roundedTable 5.12) The percentage of the matrix is about 20% and up to

40% towads upper part of thbeds

The shale and sandstone fragnts tend to be well roundedmpare to those
from Ransi Hill, Tutong Hill and Tatau Hillconglomerate clasté~ig. 5.20. These
clastsare softer and less durable and would not have survived more than one cycle of
deposition as they would generallyeak down into fine sizesotherwise(Pettijohn,

1975)

The matrix of the Pelungau Hill conglomerate mainly of silt and claySome
parts of thematrix are cemented and stained lipn oxide The conglomerates beds
consist of the weltounded clastrangingrom 2cm to as big as 25cm acrdBgy. 5.20).
The clast size vary from bed to belut in general decrease upsectibfost of in the
beds are generally normdy graded. The well rounded classuggesttheir being
transportedsame distancefrom the source and depositeid a fluvial environment
(Seiders & Blome, 1988 This is consistent with the sedimentary structures and

palaeocurrers study in the area.
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Based on the composition of the conglomerates, thes@astrelatively unstable
as they areomposef about 90% shale and sandstohilee conglomerate is clsified

as apolymict conglomeratbased on itsnixed lithologythat shown in Fig.5.20

~

Fig.5. 19A few faults(red dotted line) that cutsto the
conglomerate bed£).

Fig.5. 20Conglomerate bed that composed of rounded
sandstone (Sst) and shale (Sh) clastielungau outcrops
(locality L6).
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5.4 DIAGENESIS

The term diagenesis has been applied in various ways to thelgpusitional, pre
metamorphic processes which affectsediment (Selley, 1988). Diagenesis refers
primarily to the reactions which take place within a sediment between one mineral and
another or between one or several minerals and the interstitial fluids (Pettijohn, 1957).
The effects of diagenetic process@srock properties such as porosity and the degree of
lithification are progressive. Diagenesis includes many chemical and physical processes
that are also active during deposition, weathering and metamorphism (Fred, 2005).
There are four major processewolved in diagenesis namely compaction, solution,
cementabn and neomorphism. This complicatésmgenesis basically because their
unstable mineralogy and high initial permeability m#tkem susceptible to percolating

reactive fluids (Selley, 1992).

Microstylolites provide evidence of solution on a much larger scale than
commonly seen in limestones g@zzi & Von Bergen, 1987)Stylolites are usually
parallel or sukparallel to bedding. The microstylolites which occurred between two
grains can be formeat burial depths as shallow as 90m (Shlanger, 1964). This
stylolitization process provides evidence for extensive solution of carbonate during deep
burial (Selley, 1992) and might have contributed to the large amount of carbonate

cement seen in the Aripriestonesuccession.

Physical deformation due to the compactional stresses lead to the loss of
porosity which can be seen under thin section. Pseudomatrix is formed as rock
fragments alteto clays under pressureBléte5.22; 5.23). The increase irhe amount

of pseudomatrix which resulted from the mechanical compaction of mud intraclasts
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during burial suggests incorporation of these mud intraclasts into the sandstones during
relative sealevel changes (Shanley and McCabe, 1994). Another common
compadional fabric is pressure solution where grain boundaries undergo dissolution
and recrystallization. The concagonvex contact between quartz grains were formed

by the dissolution at the points of maximum compactional stress as the sediment was
compactedLong contacts between the grains was commonly found in thin sections of
the Ransi Member samples indicatitggh compaction of the rockPlate 5.24).
Pressure solution is better developed in finer seme than in coarser sandstalue to

the coarser gras having bigger surface are@6m & Lee, 2004).

Dissolution of the minerals is insignificant in the Ransi Member samples but the
Arip Limestone shows significant dissolutiteature sah as stylolitegPlate5.25).
Quartz overgrowth or cementation tise most common type of cement in the pore
spaces in these samples of Ransi Hill, Hormat Pasifik Quaatau Hill and Tutong
Hill (Plate5.26) probably due to the response in groundwater flow with increasing ionic
concentration in pore waters and incezshdurial temperatures. The overgrowths or
microcrystalline quartz cement occurred when high {eater concentrations of
hydrous silica were present. Calcite cement is common for theaAdg.esong outcrop

samples Rlate5.27) while quartz overgrowth isommon in the Ransi Member rocks

(Fig. 5.24).

The radiolarians in the chert of originally silicexohard parts in rounded form

were replacedby microcrystalline quartzRlate 5.28; 5.29; 5.3 Recrystallization

occurred where the existing mineral retaitssoriginal chemistry but increases in size
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and changes its volume. This was observed in thin section of the rounded

microcrystalline quartz from hard part of radiolarian.

The multiple diagenetic episodes and burial history have affected the porosity
and permeability of the rocks that it might decrease the pore space with late quartz
cementation and pressure dissolution that foomcaveconvex contact betweegrains.

The sandstone of the Ransi Member had been commonly subjected to intergranular
presswe solution and quartz cementation producing concavwex contacts in Arip
Member sandstone and stylolitic contacts in Arip limestone. The depth of burial was
probably more than 1000m before the rocks were being uplifted and exposed (Boggs,

1992).

B.&n » 5

Plate 5.22Pseudomatrix at the edge of  Plate 5.23Clay pseudomatrix around the
the big quartz grain. quartz grains.

0.1mm

Tk

¢ d

Plate 5.24Pressure solution between Plate 5.25Stylolitic structure in the Arip

guartz grains. Thin section of sample limestone. Thin section of sample fromr
from locality L2, Tutong Hill. locality L10.
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Plate 5.260vergrowth of quartz around
guartz grain. Thin section of sample
from locality L3, Hormat Pasifik Quarry.

" i £ Aoi‘ e

Plate 5.28Microcrystalline quartz
replacing radiolariain chert. Thin section
of sample from locality L5, Tatau Hill.

Plate 5.30Microcrystalline quartz growth

replacing radiolarighe chert. Thin section

of sample from L8, Hormat Pasifik
Quarry.
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“‘: ' J _‘ “,-,’;
Plate 5.27calcite cementation around th
guartz grain in the Lesong. Thin sectior

of sample from locality L9.

Plate 5.29Rounded microcrystalline
quartz in the chert fragments. Thin
section of sample from locality L2,

Tutong Hill.
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5.5 PETROGRAPHY OF THE LESONG HILL

CALCAREOUS SANDSTONE

The LesongHill outcropis anisolated outcromf calcareous sandstone (2.5m X 2m)
located at the edge of Tatau Formati@ar the mar Anak-NyalauFault(See Fig4.1).
It could be just a large block dislocated thye fault. The absencef diagnostic fossils

makescorrelatingit with other outcropslifficult.

The fine grainedcalcaeous sandstones composed of monocrystallinguartz
(Plate5.31) cemented byalcite (stainedred usingpotassiunferricyanide inPlate5.31
and Plate 5.32 Somegastropod andoraminifera fragmentsvere observed irthe thin
sectionsbut none are diagnostin terns of age but usefufor palecenvironmem

interpretation

The @lcite presenis mainly fine to mediumsparry calcitdorming pore filling

cement(Plate5.31).
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3 Y )
4 3 o A

Plate5.31Under planpolarized thin section of
calcareous sandstone with a foraminifera fragments
Calcite staned red with potassium ferrigta.

Palte 5.32Thin section under-xicol of Lesong Hill calcareous
sandstone withud- angular to sulsounded monocrystatie
quartz.
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5.6 PETROGRAPHY OF THE PIRING HILL RHYOLITE

A rhyolitic porphyry dyke hasintrudedinto the Eocene ntasedimerg at Pirng Hill
located 7km to the souitlest ofthe Tatau areéFig. 4.2). Five thin sections were made
from 5 samples and 2 samples were sent to Washington State Univiersity

geochemical analysis by XRF

The general composition of the poyoh is shownin Tableés.12 The size of
phenocrysts in theorphyry isfrom 1-2mm. Theporphyritic texture isshown inPlate
5.33 Spherulitic and myrmekite tetures are common in the Piring Hill porphyry
(Azman A. Ghani,1997; Shelle 1992; Swanson et al]1989) The rhyolite is
porphyritic with phenocrystsof plagioclase, Kreldspar and quartgPlate 5.34). The

phonocrysts are generally euha&dVesicles areommon in the rock.

The groundmassef quartz and feldspar formsetween22% to 37%of the rock
(Table 5.13 around the ph®ocrysts. Some of thgroundmassire presentas sheafike
growths of quatz-feldsparcrystals radiatingrom the euhedral phonocrygilate5.35.

The mineral composition of the groundmass is santieegshenocryst.

The quarttz phenocrysts are angular and coagsgined(about 0.3mm to 1mm
across) with shargrystal boundaries(Plate 5.35. The grainsare clear with non
undulatoryuniform extinction Theyare commoly presentasnucleicfor the spherulitic
growth around itThe groundmass quartz graiasobserve in thin sections generally
less than 0.1mm acras$he multiple albitetwinned plagicclase is presenas both

phenocryst and groundmasslhe K-feldsparis Carlsbadtwinned (Plate 5.34). The
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cloudinessof the feldsjar observed unddPPL is due to thepatchy alteration of the
minerak tofine-grainedsericite. Muscovitas presentn some ofthe sampleand some
of it was formed as a result ohydrothermal alteratiomn the pore spaseor along
fractures. Theyare elmgatedcrystalswith high birefringenceg(Plate 5.33% Greenish
chlorite is also bund together with the muscovite in the fractures aaduoles as
detrital flakesasan alteration product of volcanic fragmentsam authegenic mineral

filling thepores.

The spherulitic texture suggests that the magma had undergone a high degree of
undercooling and thus the crystal habit is partly suppressed so that the groundmass
tends to crystallizeapidly outwards in all directionwith the phenocrystsas nuclei
(Azman, 1997) (Plate5.35. Spherulitesare formed under conditions of higiscosity
fluids (Keith and Padden, 1963). This texture indicates diffusion to be dominant rate

limiting function during crystallization @&ley, 1992).

The pophyritic texture shownby the rhyolite indicates that the magnfast
cooledat depthto form the phenocrystf plagioclase, Keldspar and quartgAzman,
1997). The remaining melbf about 50%of the magmasubfrequentlyexperiencd a
sudden and rapidoolingthat formed the gpundmass and spherulitic textutee tothe
rapid intrusion(Leake, 1990jriggered by theAnak-Nyalau faultingto the sutheast of
the Tatauarea This sudden emplacement process resultedpid quenching othe
remaining liquidwith crystallizationoutwards in all directions fronthe preexisting

phenocrysts as foswf nucletion (Swanson, et al,. 1989).
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Two representativeamplesselected from two localities in Piring Hileresent
to Washington State Universigndanalyzedor major and tracelements.The resulof
the geochemical analysis given inTable 5.14 The Piring volcaic is silica saturated
(76%) acording toits plot in theTAS (total alkalissilica) diagram that recommended
by 1LU.G.S (Le Mitre et. al., 1989) for the classificatiof volcanic rocks Both the
sampes fall in rhyolite field Fig. 5.21). In general thePiring Hill rhyolite is
characterized by rather high contents of SiO2 (76%)204Al(12.3%12.4%),
K20+Na20 (8.06%8.25%), FeO (1.93% 1.97%) Rb (196.3ppr205.6ppm),Ce
(76.99ppm-77.92ppm) and Y (50.15ppm50.77ppm) and relativelpw TiO2 (0.20%),

MnO (0.029%), MgO (0.11%0.27%) and EOs (0.023%- 0.024%6) (Table 5.13.

According tothe K20 vs. SiQ diagram,the samples are placed the highK-calc
alkaline field (Fig. 5.23. It suggestsdry waterundersaturated conditions during
crystallization of thehyolite. The felsic volcanighyolite ischaracterized by high total
REE contents and has a poomced negative Eu anomalyable 5.13;Fig. 5.23.
Whereas, REE rative to the normal midcean ridge basalts (MORB), the studied
rhyolite show strong deetion in Ta, Nb, Eu and THg. 5.24). Such anomalies may be

attributed to fractionation of plagclase (Eu depletion) and ilmenite (Ti depletion).

Tectonc discrimnation diagramsHig. 5.25 of Rb vs. Nb + Y and Nb vs. Y
indicatean alkalinetype post collision granite (Pearce, 1996). The felsic volcanic rock
is distributed in between the fiedaf volcanic arc and within plate granites sugoest
that thenPiring thyolite dyke was form as a result of extension in the-polisional

periodduringwhich the ocenic crust mighthave brokeroff from the continental crust

(Fig. 5.26).
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Minerals (%) Thin sect. | Thin sect. | Thin sect. | Thin sect. | Thin sect.
1 2 3 4 5

Total of Minerals Present

Quartz (phenocrysts) | 23 % 22.3 % 15 % 35 % 19.3 %
Plagioclase 26.6 % 25 % 39.5% 27 % 37.5%
(Phenocrysts)

K-feldspar 15.4 % 155 % 18 % 11.7 % 21.2 %
(Phenocrysts)

Groundmass 35 % 37.2% 27.5% 26.3 % 22 %

Table 5.12Average percentage of the Piring Hill igneous body.

VOLCANIC ROCK TYPES
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Fig. 5.21 Total alkalissilica (TAS) diagram for the studied of the Piring Hill volcanic roc
(after Le Maitre et. al., 1989).
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Plate 5.3 Thin section of rhyolite from Piring Hill showing spherulitic
texture (flowerdike form).

Plate 5.31 Thin section of Piring Hill intrusion showing
plagioclase phenocrysts \uisperulitic growthtexture
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Plate 5.35Thin section of Piring Hill rhyolite under PPL showini
sheaflike growthin quartz phenocrysts.

Plate 5.36Muscovite(red circle)in pore space of Piring
Hill rhyolite thin section
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